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(57) ABSTRACT

The invention is directed to an arrangement of two conduits,
wherein the conduits are positioned parallel with respect to
each other and wherein each conduit is provided with means
suitable to remove solids from its surface and positioned
along the length of one of the two sides of the conduit,
wherein the means are one or more pairs of oppositely ori-
ented nozzles, each nozzle having an outflow opening for gas
directed, along the surface of the conduit, towards the outflow
opening of the other nozzle of said pair, wherein the pairs of
oppositely oriented nozzles of one conduit are arranged in a
staggered configuration relative to the pairs of oppositely
oriented nozzles of the other conduit.
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1
SELF CLEANING NOZZLE ARRANGEMENT

This application is a divisional of application Ser. No.
12/552,200 filed Sep. 1, 2009 which claims the benefit of
European Application No. 08163403.2, filed Sep. 1, 2008 and
U.S. Provisional Application No. 61/095,078, filed Sep. 8,
2008.

BACKGROUND

The invention is directed to a nozzle arrangement provided
with means suitable to remove solids from its surface.

WO-A-2007125046 and WO-A-2007125047 describe a
gasification reactor wherein a hot synthesis gas is produced
by gasification of a coal feed. The hot synthesis gas is reduced
in temperature by injecting a mist of water droplets into the
stream of hot gas. A problem of having injection means for
such a mist in the flow path for hot synthesis gas is that ash
may accumulate on said means.

Means for removing ash in coal gasification processes are
known. U.S. Pat. No. 5,765,510 describes a retractable soot
blower for avoiding and dislodging accumulated soot and ash
in the heat recovery devices as used in a coal gasification
process.

A problem of using the soot blower of U.S. Pat. No. 5,765,
510 in a process of either WO-A-2007125046 and WO-A-
2007125047 is that the local gas flow direction will be dis-
turbed. This local disturbance of the gas flow may result in
that ash and not fully evaporated water comes into contact
with the walls of the vessel. It is known that ash and liquid
water can cause fouling that is not easy to remove.

GB-A-2061758 describes a radiant boiler wherein numer-
ous nozzles are present to blow gas along the heat exchange
surfaces to avoid solids accumulating on said surfaces. A
problem with such an arrangement is that solids may still
accumulate on the nozzles themselves.

SUMMARY OF THE INVENTION

The present invention provides an arrangement having
nozzles to remove solids from an element’s surface wherein
the local gas flow around said element is disturbed less and
wherein solids do not accumulate on the nozzles themselves.

In one embodiment, the invention provides an arrangement
of two conduits, wherein the conduits are positioned parallel
with respect to each other and wherein each conduit is pro-
vided with one or more pairs of oppositely oriented nozzles
suitable to remove solids from its surface and positioned
along the length of one of the two sides of the conduit, each
nozzle having an outflow opening for gas directed, along the
surface of the conduit, towards the outflow opening of the
other nozzle of said pair, wherein the pairs of oppositely
oriented nozzles of one conduit are arranged in a staggered
configuration relative to the pairs of oppositely oriented
nozzles of the other conduit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the top view of a spray conduit according to
the invention.

FIG. 2 is a three dimensional representation of the spray
conduit of FIG. 1.

FIG. 3 is the side view of the spray conduit of FIG. 1.

FIG. 4 shows a cross-sectional view AA' of the spray con-
duit as shown in FIG. 3.
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FIG. 5 shows a vertical positioned quenching vessel.
FIG. 6 shows the cross-sectional view BB' of the quench
vessel of FIG. 5.

DETAILED DESCRIPTION

Applicants found that by having a pair of nozzles having
outflow openings directed to each other the impact on the
overall gas flow is low while at the same time sufficient
cleaning is achieved in the space between said nozzles and
cleaning is achieved of the nozzles as present on a parallel
conduit. Other advantages shall be discussed when describing
some of the preferred embodiments.

The nozzles are positioned along the length of one of the
two sides of the conduit. With a side is here meant the part of
the conduit, which is obtained when dividing the conduit
along its length. Such a conduit may be any conduit as present
in a gas flow path for a gas containing solids, which may
accumulate on the side of said conduit having the pair of
nozzles. Two rows of oppositely oriented nozzles run parallel
along the length of the conduits, wherein the pairs of oppo-
sitely oriented nozzles as present in one row are arranged in a
staggered configuration relative to the pairs of oppositely
oriented nozzles as present in the other row. This staggered
configuration results in that one nozzle in one row is substan-
tially in the conically formed flow path of the gas flow exiting
one pair of nozzles as present on the parallel other row. This
results in that the gas exiting the nozzles not only removes
solids from the conduit but also from the nozzles themselves.
It is clear that in such a configuration both parallel conduits
are positioned in close vicinity of each other, preferably
within 10 cm, more preferably within 5 cm of each others
heart line.

The invention is also directed to a preferred spray conduit
as the element according to the invention having more than
one laterally spaced nozzle along one side of the spray con-
duit for atomization and spraying liquid in a direction away
from the longitudinal axis of the conduit. This spray conduit
is provided with the arrangement as described above along
the other side of the spray conduit. The preferred spray con-
duit comprises a first co-axial passage for supply of an atomi-
zation gas and a second co-axial passage present in said first
passage for supply of a liquid. Furthermore the spray conduit
has more than one laterally spaced nozzle for atomization and
spraying liquid in a direction away from the longitudinal axis
of the spray conduit attached to the first passage. These
nozzles having an inlet for liquid fluidly connected to said
second passage, an inlet for atomization gas fluidly connected
to the first passage, a mixing chamber wherein atomization
gas and liquid mix and an outlet for a mixture of atomization
gas and liquid.

The invention is also directed to a quench vessel provided
with an inlet for gas and an outlet for gas defining a gas flow
path between said inlet and outlet, wherein in said gas flow
path one or more spray conduits as described above are posi-
tioned. Preferably the quench vessel is provided at its upper
end with a first internal tubular wall part which wall part has
an opening fluidly connected to the inlet for gas and wherein
the tubular wall part is connected at its lower end with a
divergent conical part having walls which are inclined out-
wardly in the direction of the gas flow path, wherein in the
space enclosed by the divergent conical part an arrangement
of spray conduits is positioned. Applicants found that by
having the arrangement of spray conduits present in the space
enclosed by the divergent conical part less or no deposition of
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a mixture of ash and liquid water will occur. This is very
important to achieve a continuous operation for a prolonged
period of time.

A preferred arrangement of spray conduits comprises a
number of radially disposed spray conduits extending from
the wall of the quench vessel and through openings in the wall
of the divergent conical part to a central position. The spray
conduits are provided with one or more nozzles directed in the
flow path direction.

Preferably from 4 to 16 spray conduits are present. Each
spray conduit may suitably have from 3 to 10 nozzles. Pref-
erably the nozzle closest to the central position has a slightly
tilted main outflow direction between the direction of the flow
path and the central position. The arms are preferably present
in one plane perpendicular to the flow path. Alternatively, the
arms may be present in different planes, for example in a
staggered configuration. The quench vessel may be advanta-
geously used as the quench vessel in a configuration and
process as described in the earlier referred to WO-A-
2007125046.

In addition the invention is also directed to a heat
exchanger vessel provided with an inlet for gas and an outlet
for gas defining a gas flow path between said inlet and outlet.
In said flow path a conduit as described above is positioned,
through which conduit in use a cooling medium flows. Pref-
erably the arrangement as described above is positioned along
the length of one of the two sides of the conduit. The side at
which the arrangement is provided is obviously the side most
prone to deposition of solids. Typically this is the upstream
side of a conduit relative to the flow path in the heat
exchanger. In some circumstances solids may accumulate at
other positions due to recirculation phenomena and obviously
such arrangements will then be positioned at these positions.

The invention is also directed to a process to remove solids
from an element by periodically ejecting a gas flow from one
or more pairs of oppositely oriented nozzles, wherein each
nozzle ejects the gas flow along the surface of the element,
towards the outflow opening of the other nozzle of said pair.
The element is preferably the element as described above.

The invention is also directed to a process to cool a mixture
comprising carbon monoxide, hydrogen and ash solids in a
heat exchanger vessel as described above, wherein the mix-
ture flows through the vessel along the gas flow path and
wherein cooling takes place by means of indirect heat
exchange between the mixture and the conduits, wherein
water flows as the cooling medium through the conduits and
wherein ash solid are removed from the conduit exterior
surface or part of the conduit exterior surface by periodically
ejecting a gas flow from the pairs of oppositely oriented
nozzles.

The invention is also directed to a process to cool a mixture
comprising carbon monoxide, hydrogen and ash solids in a
quench vessel as described above, wherein the mixture flows
through the vessel along the gas flow path and wherein cool-
ing takes place by spraying liquid water into the gas flow via
the laterally spaced nozzles substantially in the direction of
the gas flow, wherein ash solids are removed from the conduit
exterior surface or part of the conduit exterior surface by
periodically ejecting a gas flow from the pairs of oppositely
oriented nozzles.

The mixture comprising carbon monoxide, hydrogen and
ash solids preferably has a pressure of between 2 and 10 MPa
and a temperature of between 500 and 900° C. and more
preferably between 600 and 800° C. The temperature of the
mixture after cooling is preferably between 200 and 600° C.
and more preferably between 300 and 500° C. This mixture is
preferably obtained when gasifying an ash containing car-

20

30

40

45

50

55

60

4

bonaceous feedstock. Examples of such feedstocks are coal,
coke from coal, coal liquefaction residues, petroleum coke,
soot, biomass, and particulate solids derived from oil shale,
tar sands and pitch. The coal may be of any type, including
lignite, sub-bituminous, bituminous and anthracite. Prefer-
ably a gasification reactor configuration is used wherein the
hot gas is discharged and cooled separately from the slag.
Examples of such gasification reactors are described in the
earlier referred WO-A-2007125046. Thus excluded from this
preferred embodiment are gasification reactors having a
water quench zone at the lower end through which hot gas is
passed and wherein slag and gas are reduced in temperature
simultaneously. Examples of such gasification reactors are
described in US-A-20050132647 or US-A-20080005966.

In the above processes gas is preferably ejected from the
nozzles continuously or periodically. If gas is ejected periodi-
cally the frequency shall depend on the fouling properties of
the ash. The optimal frequency can be easily determined by
the skilled person by simple experimentation. The exit veloc-
ity of the gas as it is ejected from the nozzles is preferably
above 50 m/s and more preferably above 100 m/s. If the
environment has a high temperature, as in the above processes
to cool a mixture comprising carbon monoxide, hydrogen and
ash, the conduits and nozzles are preferably cooled. Cooling
is preferably effected by maintaining a continuous gas stream
through the nozzles, wherein the gas exiting the nozzles has a
low velocity, preferably below 20 m/s. Maintaining such a
low velocity gas stream has the additional advantage that
blockage of the nozzle openings is avoided. Periodically the
gas exit velocity is increased to remove solids according to the
invention. The gas may be any gas, preferably any gas that is
inert in the process. Preferred gasses are nitrogen, carbon
dioxide, carbon monoxide, hydrogen and mixtures of carbon
monoxide and hydrogen.

FIG. 1 shows the top view of a spray conduit (1). Fixed to
said spray conduit (1) two parallel arranged conduits (2a, 25)
are shown. Each conduit (24, 25) is provided with a number of
pairs of nozzles (3a, 3b). Preferred nozzles (3a) have two
outflow openings (4a, 4b). As shown the outflow opening (456)
of'asingle nozzle (3a) is directed towards the outtlow opening
(5) of the other nozzle (3b) of said pair. In the embodiment
shown in FIG. 1 the pairs of nozzles (3a, 3b) are arranged in
a staggered configuration. As shown the two parallel conduits
(2a, 2b) are in close vicinity of each other such that the
staggered arranged pair of nozzles (3a, 35) present on conduit
(2b) can both remove solids from the spray conduit (1) and
from the intermediate positioned nozzle (6) as present on the
other conduit (2a).

FIG. 2 is a three dimensional representation of the spray
conduit (1) of FIG. 1. The reference numbers have the same
meaning.

FIG. 3 is the side view of the spray conduit (1) of FIG. 1.
FIG. 3 also shows nozzle (6a) forming a pair of nozzles with
nozzle (6). FIG. 3 also shows a nozzle (7) at the outer end of
the spray conduit (1) having a slightly tilted main outflow
direction with respect to the direction of the flow path (9). The
spray conduit (1) is furthermore provided with a number of
spray nozzles (8) having a main outflow direction in line with
the direction of the gas flow path (9).

FIG. 4 shows a cross-sectional view AA' of the spray con-
duit (1) as shown in FIG. 3. The spray conduit (1) has a first
co-axial passage (10) for supply of an atomization gas and a
second co-axial passage (11) for supply of a liquid. The
second passage (11) is present in said first passage (10).

FIG. 5 shows a vertical positioned quenching vessel (12).
Vessel (12) has an inlet (13) for hot gas at its upper end, an
outlet (14) for cooled gas at its lower end defining a gas flow
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path (9) for a gas flow directed downwardly. Vessel (12) is
also provided with several spray conduits (1) for injecting a
quench medium into the gas flow path (9). FIG. 5) shows a
first internal tubular wall part (14) fluidly connected to the
inlet (13) for hot gas. Tubular wall part (14) is connected at its
lower end with a divergent conical part (15) having walls (16),
which are inclined outwardly in the direction of the gas flow
path (9). As shown, the spray conduits (1) are present in the
space (17) enclosed by the divergent conical part (15).

Divergent conical part (15) is followed at its lower end (18)
by a second tubular inner wall (19). The lower open end (20)
of the second tubular inner wall (19) is in fluid communica-
tion with the outlet (14) for cooled gas.

FIG. 5 also shows angle a, which is about 7.5° in the
illustrated embodiment. The second tubular inner wall (19) is
provided with one or more rappers (21). Optionally the first
tubular inner wall part (14) and the diverging conical part (15)
can also be provided with one or more rappers. The lower end
of'vessel (12) suitably has a tapered end (22) terminating in a
central opening 23 as the outlet (14) for cooled gas.

FIG. 5 also shows that the inlet (13) for hot gas is provided
at side wall of the upper end of vessel (12). Such a configu-
ration is preferred to connect the quench vessel (12) via a
connecting duct to a gasification reactor (not shown).

FIG. 6 shows the cross-sectional view BB' of the quench
vessel of FIG. 5. It shows 12 radially disposed spray conduits
(1) provided with downwardly directed nozzles as seen from
above. The arms are fixed to the wall of vessel (12) and
intersect with wall (16) of the divergent conical part (15) and
extend to a central position. The spray conduits (1) are con-
nected to the vessel via a flange (25) and can therefore be
easily removed for repairs or maintenance. The nozzles (3a,
35, 6 etc.) to remove solids are represented by the dotted line.

What is claimed is:

1. A process to cool a mixture comprising carbon monox-
ide, hydrogen and ash solids in a quench vessel, comprising
the steps of:

the mixture flowing through the vessel along a gas flow

path;

cooling the mixture by spraying liquid water into the gas

flow via laterally spaced spray elements substantially in
the direction of the gas flow,
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providing the spray elements with a nozzle arrangement

comprising two conduits;

removing ash solids from an exterior surface of the spray

elements or part of an exterior surface of the spray ele-
ments by periodically ejecting a gas flow from the cor-
responding nozzle arrangement,

wherein the conduits of the nozzle arrangements are posi-

tioned parallel with respect to each other along the spray
elements and wherein each conduit is provided with one
or more pairs of oppositely oriented nozzles suitable to
remove solids from the exterior surface of the spray
element and positioned along the length of the spray
element,

wherein each nozzle has an outflow opening for gas

directed, along the surface of the spray element, towards
the outflow opening of the other nozzle of said pair,
wherein the pairs of oppositely oriented nozzles of one
conduit are arranged in a staggered configuration rela-
tive to the pairs of oppositely oriented nozzles of the
other conduit.

2. The process according to claim 1, wherein the mixture
comprising carbon monoxide, hydrogen and ash solids has a
pressure of between 2 and 10 MPa and a temperature of
between 500 and 900° C., and wherein the temperature of the
mixture after cooling is between 200 and 600° C.

3. The process according to claim 2, wherein the mixture
comprising carbon monoxide, hydrogen and ash solids has a
temperature of between 600 and 800° C. and wherein the
temperature of the mixture after cooling is between 300 and
500° C.

4. The process according to claim 1, the two conduits being
arranged in close vicinity with respect to each other such that
the nozzles on one of the conduits can remove solids from the
spray element and from an intermediate positioned nozzle as
present on the other conduit.

5. The process according to claim 4, the hart line of one
conduit being within a distance of 10 cm of the hart line of the
other conduit.

6. The process according to claim 1, the spray elements
being provided with a number of spray nozzles having a main
outflow direction in line with the direction of the gas flow
path.



